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FHOOV /6(& DQG YDVFXODU HQGRWKHOLDO FHOOV 9(& ZKLOH WKH DGPLQLVWUDWLRQ RI SRO\,&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,/) LV NQRZQ WR GULYH LPPXQH UHVSRQVHV E\ LQWHUDFWLRQ
ZLWK LWV VSHFLILF UHFHSWRUV 67 DQG ,/5$F3 >@ 7KH
,/67D[LVLVFUXFLDOO\LQYROYHGLQGLYHUVHLQIODPPDWRU\DQG
LPPXQH PHGLDWHG SDWKRORJLHV >@ +RZHYHU OLPLWHG GDWD LV
DYDLODEOHDERXWWKHDVVRFLDWLRQRI,/DQG67H[SUHVVLRQLQ
YLUDO GLVHDVHV ,/ LV RYHUH[SUHVVHG LQ LQIOXHQ]D YLUXV OXQJ
LQIHFWLRQ LQ PLFH >@ DQG ,/ SURGXFHG E\ QHFURWLF FHOOV
GULYHVSURWHFWLYHDQWLYLUDO&'7FHOOUHVSRQVHVLQO\PSKRF\WLF
FKRULRPHQLQJLWLV YLUXV /&09 LQIHFWLRQ LQ PLFH >@ )XUWKHU
HOHYDWHG OHYHOVRIVROXEOH67 V67 LQVHUDRIGHQJXHYLUXV
LQIHFWHG SDWLHQWV >@ DQG +,9 LQIHFWHG SDWLHQWV >@ ZHUH
REVHUYHGLQGLFDWLQJV67DVSRWHQWLDOPDUNHURIYLUDOLQIHFWLRQV
,Q OLYHU ,/67 D[LV LV LQYROYHG LQ YDULRXV YLUDO DQG
LPPXQH FHOO PHGLDWHG SDWKRORJLHV >@ :H LQLWLDOO\
REVHUYHGXSUHJXODWHGH[SUHVVLRQRI,/DQG67LQFKURQLF
KHSDWLWLV%DQG&YLUXV+%9DQG+&9LQIHFWLRQLQKXPDQDQG
LQ&&OLQGXFHG OLYHU ILEURVLV LQPLFH >@7KH LQFUHDVHG OHYHO
RI VHUXP ,/ DQG V67 ZDV REVHUYHG LQ DFXWH DQG FKURQLF
KHSDWLF IDLOXUH LQ KXPDQ >@ )XUWKHUPRUH HOHYDWHG ,/
3/2621(_ZZZSORVRQHRUJ  6HSWHPEHU_9ROXPH_,VVXH_H
VHUXPOHYHOZDVDOVRDVVRFLDWHGZLWK OLYHUGDPDJH LQSDWLHQWV




DODUPLQ LQ DFXWH LQIODPPDWRU\ SDWKRORJLHV >@ WKH H[SUHVVLRQ
DQGFHOOXODUVRXUFHVRI,/GXULQJYLUDOIXOPLQDQWKHSDWLWLVLQD
UHOHYDQWDQLPDOPRGHOKDVQRWEHHQH[SORUHG7KHSRO\LQRVLQH
SRO\F\WLG\OLF DFLG 3RO\,& D V\QWKHWLF DQDORJ RI GRXEOH
VWUDQGHG 51$ GV51$ LQGXFHV D PRGHUDWH DFXWH KHSDWLF
LQMXU\ DQG PLPLFV D PRGHO RI YLUDO KHSDWLWLV >@ 3RO\,&
DFWLYDWHG SULQFLSDOO\ WKH LQWUDKHSDWLF PDFURSKDJHV .XSSIHU
FHOOV DQG 1. FHOOV YLD 7/5 >@ OHDGLQJ WR LQFUHDVH RI
LQIODPPDWRU\F\WRNLQHVVXFKDV71)Į ,)1Ȗ ,/ ,/DQG
,)1ȕ >@$SUHWUHDWPHQWZLWK'JDODFWRVDPLQH '
*DO1 LQ3RO\,& LQMHFWHGPLFHDJJUDYDWHG WKHDFXWHKHSDWLF
LQMXU\ZKLFKEHFRPHOHWKDO>@$QDWXUDODQLPDOPRGHORIYLUDO
KHSDWLWLV WKH PRXVH KHSDWLWLV YLUXVHV 0+9 VLQJOHVWUDQG
SRVLWLYHVHQVH51$YLUXVHVEHORQJLQJWR&RURQDYLULGDHIDPLO\
LQGXFHG DFXWH DQGRU FKURQLF KHSDWLWLV LQ PLFH PLPLFNLQJ





>@ ,Q OLYHU .XSIIHU FHOOV 1. FHOOV KHSDWRF\WHV VLQXVRLGDO
HQGRWKHOLDO DQG YDVFXODU HQGRWKHOLDO FHOOV DUH WKH PDLQ WDUJHW
FHOOVIRU0+9UHSOLFDWLRQ>@7KHKLVWRSDWKRORJLFDOOHVLRQV
LQ OLYHU ZHUH FRUUHODWHG ZLWK WKH OHYHOV RI LQIODPPDWRU\
F\WRNLQHV>@+LJKOHYHOVRI,/DQG71)ĮSURGXFHGLQOLYHUV
IURPLQIHFWHG&%/PLFHZHUHPRGXODWHGE\7/5UHFHSWRU
:H KDYH SUHYLRXVO\ GHPRQVWUDWHG WKDW LQWUDKHSDWLF 1. FHOOV
GHFUHDVHG DIWHU D WUDQVLHQW LQFUHDVH LQ OLYHU IURP SDWKRJHQLF
/0+9LQIHFWHGPLFHGXHWRYLUXVLQGXFHG1.GHSOHWLRQ>@
,QWKHSUHVHQWVWXG\ZHDLPHGWRLQYHVWLJDWHWKHH[SUHVVLRQ
DQG FHOOXODU VRXUFHV RI ,/ LQ D 3RO\,& DQG /0+9
LQGXFHG IXOPLQDQW KHSDWLWLV LQ PLFH :H IRXQG LQFUHDVHG
H[SUHVVLRQ RI ,/ LQ OLYHU IROORZLQJ 3RO\,& DQG /0+9
LQGXFHGDFXWHKHSDWLWLVLQPLFH7KHOLYHUVLQXVRLGDOHQGRWKHOLDO
FHOOV YDVFXODU HQGRWKHOLDO FHOOV DQG KHSDWRF\WHV UHSUHVHQW
SRWHQWLDO VRXUFHV RI ,/ LQ 3RO\,& DQG PXULQH /0+9
LQGXFHG IXOPLQDQW KHSDWLWLV 7KH KHSDWRF\WHVSHFLILF ,/








)RUPD6FLHQWLILF0DULHWWD2+7KH VWXG\ZDV FRQGXFWHG LQ
FRPSOLDQFHZLWKWKHUHJXODWLRQVRIWKH&RPLWpLQVWLWXWLRQQHOGH
OD 3URWHFWLRQ GHV $QLPDX[ RI WKH 8QLYHUVLWp GX 4XpEHF j
0RQWUHDO 84$0 DJUHHPHQW RI / /DPRQWDJQH 1R &,3$ 
 DQG )UHQFK ODZV DQG WKH LQVWLWXWLRQ¶V JXLGHOLQHV IRU
DQLPDOZHOIDUHDJUHHPHQWRI06DPVRQ7KHSURWRFRO
ZDV DSSURYHG E\ WKH &RPPLWWHH RQ WKH (WKLFV RI $QLPDO
([SHULPHQWV RI WKH )UHQFK JRYHUQPHQW DJUHHPHQW RI 0
6DPVRQ$OOHIIRUWVZHUHPDGHWRPLQLPL]HVXIIHULQJ
,QYLYRWUHDWPHQWSURWRFRO
7KH&%/ -DQYLHU)UDQFH RU&'G.2PLFH DJLIW RI
0DULD/HLWHGH0RUDHV3DULVZHUHLQWUDYHQRXVO\LQMHFWHGZLWK
 JPRXVH RI 3RO\,& ,QYLYRJHQ DORQH RU ZLWK '
JDODFWRVDPLQH '*DO1 6,*0$* SUHWUHDWPHQW DW D
GRVH RI  PJPRXVH LS 7KH FRQWURO PLFH UHFHLYHG VLPLODU
YROXPH RI YHKLFOH LQ HDFK WUHDWPHQW JURXS )RU 1. FHOOV
GHSOHWLRQ H[SHULPHQW  O RI DQWLDVLDOR *0 DQWL$6*0
SRO\FORQDO DQWLERG\ &HUGDODQH &/ ZDV LQMHFWHG
LQWUDSHULWRQHDOO\ LS  K EHIRUH '*DO1 3RO\,& RU
FRPELQDWLRQ RI ERWK '*DO1 3RO\,& LQMHFWLRQV WKH FRQWURO
PLFH UHFHLYHGRUDQHTXLYDOHQWDPRXQWRIQDLYH UDEELWVHUXP
7KH 1. GHSOHWLRQ LQ OLYHU ZDV FRQILUPHG E\ IORZ F\WRPHWU\ LQ
LVRODWHGOLYHULPPXQHFHOOVDVGHVFULEHGHDUOLHU>@




XQLQIHFWHG FRQWURO PLFH UHFHLYHG D VLPLODU YROXPH RI
530, *LEFR /DERUDWRULHV *UDQG ,VODQG 1< $IWHU 
    DQG  K RI LQIHFWLRQ WKH PLFH ZHUH






7KH KLVWRSDWKRORJLFDO +HPDWR[\OLQ $QG (RVLQ +	(
VWDLQLQJDQG OHYHOVRI OLYHU WUDQVDPLQDVH $/7$67 LQVHUXP
ZHUH SHUIRUPHG DV GHVFULEHG HDUOLHU >@ ,PPXQRORFDOLVDWLRQ
RI,/ZDVSHUIRUPHGE\LPPXQRKLVWRFKHPLFDOVWDLQLQJXVLQJ
SULPDU\ DQWLERG\ JRDW ,J* DQWLPRXVH,/ 5	' 6\VWHPV
DQG VHFRQGDU\ +53FRQMXJDWHG UDEELW DQWLJRDW DQWLERG\
'DNR 86$ IROORZHG E\ KHPDWR[\OLQ FRXQWHUVWDLQLQJ LQ
9HQWDQDPDFKLQH9HQWDQD0HGLFDO6\VWHPV ,QF86$7KH
FRXQWLQJ RI ,/ SRVLWLYH KHSDWRF\WHV ZDV FDUULHG LQ DW OHDVW
 GLIIHUHQW PLFURVFRSLF ILHOGV FRUUHVSRQGLQJ WR  PP





VSHFLILFSULPHUVIRU6 ,/ ,/ ,/ȕ ,)1ȕ ,)1Ȗ71)Į
DQG&;&/>@)RUWKHTXDQWLILFDWLRQRIYLUDOQXFOHRFDSVLG
WKH IROORZLQJ SULPHU VHW ZDV XVHG ¶
7**$$**7&7*&$&&7*&7$¶ IRUZDUG ¶












RQHZD\ $129$ ZLWK SRVW 0DQQ:KLWQH\ 8 WHVW XVLQJ





:KLOH WKH FHOOXODU VRXUFH RI ,/ LQ YLUDO OLYHU SDWKRORJ\ LV
SRRUO\NQRZQ LQDPRXVHPRGHOZH ILUVWDLPHG WR LQYHVWLJDWH
WKH H[SUHVVLRQ DQG FHOOXODU VRXUFHV RI ,/ LQ D 3RO\,&
LQGXFHGDFXWHKHSDWLWLV7KHDGPLQLVWUDWLRQRI3RO\,&LQGXFHG
PRGHUDWH OLYHU LQMXU\FRPSDUHG WR3%6WUHDWHGPLFHDWKDV
HYLGHQWIURPVHUXP$67$/7OHYHOV)LJXUH$+RZHYHUWKH
SUHVHQVLWL]DWLRQRIPLFHZLWK'JDODFWRVDPLQH'*DO1OHGWR
3RO\,&LQGXFHG VHYHUH OLYHU LQMXU\ LQ PLFH ZLWK HOHYDWHG







7KH KLVWRORJ\ RI OLYHU WLVVXHV UHYHDOHG LQFUHDVHG
KHPRUUKDJLF OHVLRQV LQ OLYHU DIWHU '*DO1 3RO\,& WUHDWPHQW
EXWOHVVRUQRPDUNHGOLYHULQMXU\LQ3RO\,&RUYHKLFOHFRQWURO
PLFH )LJXUH % 7KH P51$ H[SUHVVLRQ RI ,/ ZDV
VLJQLILFDQWO\ LQFUHDVHG  IROG LQ 3RO\,& WUHDWHG PLFH
FRPSDUHG WR FRQWURO PLFH KRZHYHU ,/ H[SUHVVLRQ ZDV
GRZQUHJXODWHGLQ'*DO13RO\,&WUHDWHGPLFHLQFRPSDULVRQ
ZLWK3RO\,&DORQH)LJXUH$5HJDUGLQJFHOOXODUVRXUFHVRI
,/ WKH OLYHU VLQXVRLGDO HQGRWKHOLDO FHOOV DQG YDVFXODU
HQGRWKHOLDO FHOOVH[SUHVVHG ,/FRQVWLWXWLYHO\ LQ3%6FRQWURO
PLFHOLYHUVDQGLQGXFHGH[SUHVVLRQLQWKHVHFHOOVZDVREVHUYHG
IROORZLQJ3RO\,&DQG'*DO13RO\,&WUHDWPHQW)LJXUH%
,QWHUHVWLQJO\ WKH QXFOHDU H[SUHVVLRQ RI ,/ ZDV IRXQG LQ
KHSDWRF\WHVRI3RO\,&WUHDWHGPLFHDUURZVLQLQVHUWLQGLFDWH
,/SRVLWLYHKHSDWRF\WHVEXWQRWLQ'*DO13RO\,&LQGXFHG
OLYHU LQMXU\ )LJXUH % 7KH QXPEHU RI ,/ H[SUHVVLQJ
KHSDWRF\WHV ZHUH FOHDUO\ DQG VLJQLILFDQWO\ LQFUHDVHG LQ
3RO\,& LQGXFHG DFXWH OLYHU LQMXU\ FRPSDUHG WR FRQWURO PLFH
)LJXUH & 7KHVH UHVXOWV VXJJHVW WKDW UHJXODWLRQ RI ,/ LQ




7KH LQIODPPDWRU\ F\WRNLQHV SOD\ DQ LPSRUWDQW UROH LQ
GHYHORSPHQWRI IXOPLQDQWKHSDWLWLV7KHUHIRUHZH LQYHVWLJDWHG
WKH SURLQIODPPDWRU\ F\WRNLQH H[SUHVVLRQ LQ 3RO\,& DQG '
*DO13RO\,& LQGXFHGDFXWHKHSDWLWLV7KH WUDQVFULSW OHYHORI
71)Į 75$,/ ,/ȕ DQG ,/ ZDV VLJQLILFDQWO\ XSUHJXODWHG
IROORZLQJ '*DO1 3RO\,& LQGXFHG DFXWH KHSDWLWLV K
FRPSDUHGWR'*DO1RU3%6FRQWUROPLFH)LJXUH+RZHYHU
WKHP51$H[SUHVVLRQRI,)1ȖDQG&;&/.&ZDVQRWYDULHG






1. FHOOV KDYH VKRZQ WR EH FUXFLDOO\ LPSRUWDQW LQ 3RO\,&
LQGXFHG OLYHU LQMXU\ >@ +HUH ZH VWXGLHG WKH HIIHFW RI
GHSOHWLRQ RI 1. FHOOV E\ DQWL$6*0 DQWLERG\ RQ '*DO1
3RO\,& LQGXFHG DFXWH KHSDWLWLV DQG H[SUHVVLRQ RI ,/ $V
H[SHFWHG WKH DQWL$6*0 SUHWUHDWPHQW HIILFLHQWO\ GHSOHWHG




FRQWURO PLFH )LJXUH % $ PLOGHU LQFUHDVH LQ VHUXP
WUDQVDPLQDVHVZDVHYLGHQWEHWZHHQ'*DO13RO\,&DQG1.
GHSOHWHG'*DO13RO\,&WUHDWHGPLFH)LJXUH%
7KH P51$ H[SUHVVLRQ RI ,/ ZDV QRW YDULHG EHWZHHQ
FRQWURO QRQ 1. GHSOHWHG DQG 1. GHSOHWHG 3RO\,& RU '
*DO1 3RO\,& WUHDWHG PLFH DOWKRXJK WKH H[SUHVVLRQ RI ,/
ZDVGLPLQLVKHG LQ1.GHSOHWHG'*DO13RO\,&PLFH )LJXUH
%7KHOLYHUVLQXVRLGDOHQGRWKHOLDOFHOOV/6(&DQGYDVFXODU
HQGRWKHOLDO FHOOV 9(& H[SUHVVHG ,/ LQ 1. GHSOHWHG
3RO\,& RU '*DO1 3RO\,& WUHDWHG PLFH OLYHUV DQG
KHSDWRF\WHVSHFLILF ,/ H[SUHVVLRQ ZDV HYLGHQW RQO\ DIWHU
3RO\,& WUHDWPHQW )LJXUH& DUURZV LQGLFDWH ,/SRVLWLYH
KHSDWRF\WHV7KH1.GHSOHWLRQ OHG WRGHFUHDVH LQQXPEHURI
,/ H[SUHVVLQJ KHSDWRF\WHV LQ 3RO\,& WUHDWHG PLFH
FRPSDUHG WRQRQ1.GHSOHWHGPLFH )LJXUH'VXJJHVWLQJD
SDUWLDO1.FHOOVGHSHQGHQWUHJXODWLRQRI,/LQKHSDWRF\WHV
7KH SURLQIODPPDWRU\ F\WRNLQH H[SUHVVLRQ RI 71)Į ,/ȕ
DQG ,/ ZDV XSUHJXODWHG LQ 3RO\,& RU '*DO1 3RO\,&
WUHDWHG PLFH ZKHQ FRPSDUHG ZLWK FRQWURO PLFH S 
)LJXUH(1.FHOOGHSOHWLRQGLGQRWGHFUHDVHWKHH[SUHVVLRQ
OHYHO RI WKH LQIODPPDWRU\ F\WRNLQHV )LJXUH ( 7KH P51$
H[SUHVVLRQ RI ,)1Ȗ ZDV QRW VLJQLILFDQWO\ YDULHG DPRQJ WKH
WUHDWHG DQG FRQWURO JURXSV RI PLFH H[FHSW LQ 1.GHSOHWHG '
*DO1 3RO\,& WUHDWHG PLFH )LJXUH ( 7KH H[SUHVVLRQ RI
75$,/ZDVVLJQLILFDQWO\LQFUHDVHGLQERWK1.GHSOHWHGDQGQRQ
GHSOHWHG PLFH IROORZLQJ 3RO\,& RU '*DO1 3RO\,&
DGPLQLVWUDWLRQZKHQFRPSDUHGZLWKFRQWUROPLFHSEXW
VLJQLILFDQWO\ GHFUHDVH LQ 1. GHSOHWHG PLFH DIWHU '*DO1
3RO\,& WUHDWPHQW S  ZKHQ FRPSDUHG ZLWK '
*DO13RO\,& WUHDWHG PLFH )LJXUH ( 7KH H[SUHVVLRQ RI
&;&/RQO\LQFUHDVHGLQ1.GHSOHWHG'*DO13RO\,&WUHDWHG
PLFHZKHQFRPSDUHGWRFRQWUROPLFHS)LJXUH(WKDW
PD\ FRUUHODWH ZLWK GHYHORSPHQW RI LQIODPPDWRU\







7KH UROHRI1.7FHOOV LQ3RO\,&LQGXFHG OLYHU LQMXU\ LVQRW
ZHOO NQRZQ EXW ZH KDYH REVHUYHG D SDUWLDO GHFUHDVH LQ 1.7
FHOOVSHUFHQWDJHVLQDQWL$6*0WUHDWHGPLFH)LJXUH$:H
DLPHGWRYHULI\WKHLPSDFWRI1.7FHOOVGHILFLHQF\LQ3RO\,&
LQGXFHG OLYHU LQMXU\ DQG ,/ H[SUHVVLRQ LQ OLYHU LQ &'G .2
1.7 .2 PLFH :7 FRQWURO DQG 1.7 .2 PLFH VKRZHG
LQFUHDVHG OLYHU LQMXU\  WR  $67$/7 OHYHOV DIWHU '
*DO13RO\,&DGPLQLVWUDWLRQZLWKDPLOGHUKHSDWRSURWHFWLRQLQ
1.7.2PLFHSZKHQFRPSDUHGZLWK:7WUHDWHGPLFH
)LJXUH $ /LYHU KLVWRORJ\ UHYHDOHG KHPRUUKDJLF OHVLRQV LQ
OLYHUDIWHU'*DO13RO\,&WUHDWPHQW LQ1.7.2PLFHZLWKRXW
UHPDUNDEOH OLYHU LQMXU\ LQ 3RO\,& RU YHKLFOH FRQWURO 1.7 .2
PLFH )LJXUH % XSSHU SDQHO 7KH KHSDWRF\WHVSHFLILF ,/
H[SUHVVLRQZDVHYLGHQWLQ3RO\,&DGPLQLVWHUHG1.7.2PLFH
EXW QRW LQ '*DO1 3RO\,&WUHDWHG RU FRQWURO 1.7 .2 PLFH
)LJXUH % ORZHU SDQHO 7KH QXPEHU RI ,/ H[SUHVVLQJ
KHSDWRF\WHV VLJQLILFDQWO\ LQFUHDVHG LQ 3RO\,&DGPLQLVWHUHG
1.7.2PLFHFRPSDUHGWR:7FRQWUROVSEXWQRWLQ'








IXOPLQDQW YLUDO KHSDWLWLV +%9 LQ KXPDQ :H LQYHVWLJDWHG WKH
)LJXUH/LYHULQMXU\DQG,/H[SUHVVLRQLQ'*DO13RO\,&'*DO13RO\,&WUHDWHGPLFH$/HYHOVRIVHUXP$67$/7
,8/DQGUHODWLYH IROGFKDQJH LQP51$H[SUHVVLRQRI ,/ LQ:7PLFH WUHDWHGZLWK3RO\,& JPRXVH LYDQGRU'*DO1
3RO\,&DWKRISRVW LQMHFWLRQ%6HFWLRQVRIPLFHOLYHUIROORZLQJ3%6'*DO13RO\,&DQG'*DO13RO\,&WUHDWPHQWZHUH
VWDLQHGZLWK+	( IRUKLVWRSDWKRORJ\ DUURZV LQGLFDWLQJKHPRUUKDJLF OHVLRQV LQ OLYHUDQG IRU LPPXQRORFDOLVDWLRQRI ,/E\XVLQJ
SULPDU\ DQWLERG\ JRDW ,J* DQWLPRXVH,/ DQG VHFRQGDU\ +53FRQMXJDWHG UDEELW DQWLJRDW DQWLERG\ ZLWK KHPDWR[\OLQ






H[SUHVVLRQDQG FHOOXODU VRXUFHVRI ,/ LQ/0+9 LQGXFHG
DFXWH KHSDWLWLV LQ &%/ PLFH 7KH NLQHWLFV RI /0+9
LQIHFWLRQ LQ PLFH H[KLELWHG LQFUHDVH LQ VHUXP $67$/7 OHYHOV
IROORZLQJDQGKRIYLUDO LQIHFWLRQZLWKVHYHUHDQG
SHDNOLYHULQMXU\DWKS)LJXUH$$FFRUGLQJO\WKH
OLYHU P51$ H[SUHVVLRQV RI ,)1ȕ DQG QXFOHRFDSVLG RI 0+9
WKDWVHUYHGDVPDUNHUVRIYLUDOLQIHFWLRQLQFUHDVHGVLJQLILFDQWO\
DWDQGKRISRVWLQIHFWLRQZLWKSHDNDWK)LJXUH
% ,QWHUHVWLQJO\ WKH P51$ H[SUHVVLRQ RI ,/ ZDV
VLJQLILFDQWO\XSUHJXODWHGIROORZLQJ/0+9LQIHFWLRQUHDFKLQJ
PD[LPXPDWKSRVWLQIHFWLRQS)LJXUH%
7KHKLVWRORJ\RI OLYHU WLVVXHVVKRZHG LPSRUWDQWSHULYDVFXODU
DQG SDUHQFK\PDO ]RQH RI OLYHU LQMXU\ DW K RI /0+9
LQIHFWLRQ FRPSDUHG WR YHKLFOH FRQWURO PLFH OLYHU DQG QR
DSSUHFLDEOH OLYHU LQMXU\ DW   DQG K WLPH SRLQWV )LJXUH
&7KHLPPXQRVWDLQLQJRI,/LQOLYHUVRI/0+9LQIHFWHG
PLFH UHYHDOHG LQGXFHG H[SUHVVLRQ RI ,/ LQ OLYHU VLQXVRLGDO
HQGRWKHOLDO FHOOV YDVFXODU HQGRWKHOLDO FHOOV DQG KHSDWRF\WHV
)LJXUH'7KHOLYHUVLQXVRLGDOHQGRWKHOLDOFHOOVDQGYDVFXODU
HQGRWKHOLDO FHOOV UHSUHVHQWHG LQGXFLEOH H[SUHVVLRQ RI ,/ DW
DQGKRI/0+9LQIHFWLRQFRPSDUHGWR
YHKLFOH FRQWURO PLFH )LJXUH ' +RZHYHU WKH NLQHWLFV RI
)LJXUH&\WRNLQHH[SUHVVLRQRI71)Į,/ȕ,/75$,/
&;&/ DQG ,)1Ȗ LQ '*DO1 3RO\,& '*DO1 3RO\,&
LQGXFHG KHSDWLWLV PLFH  5HODWLYH IROG FKDQJH LQ P51$
H[SUHVVLRQRI71)Į,/ȕ,/75$,/&;&/DQG,)1ȖLQ
OLYHUV RI 3RO\,&  JPRXVH LY DQGRU '*DO1 3RO\,&
WUHDWHG PLFH DW K RI SRVW LQMHFWLRQ 7KH 3%6WUHDWHG PLFH
VHUYHGDVDUHIHUHQFHIRUP51$H[SUHVVLRQ
GRLMRXUQDOSRQHJ
KHSDWRF\WHVSHFLILF ,/H[SUHVVLRQZDV VSHFLILFDOO\ IRXQGDW
DQGKRI/0+9LQGXFHGOLYHULQMXU\,QDFFRUGDQFH
WKH QXPEHU RI ,/ H[SUHVVLQJ KHSDWRF\WHV IROORZLQJ /
0+9 KHSDWLWLV LQFUHDVHG VLJQLILFDQWO\ DW   DQG K RI
LQIHFWLRQ)LJXUH(2XUGDWDVKRZHGWKDW,/H[SUHVVLRQLV




7KH LQIODPPDWRU\ F\WRNLQHV SOD\ DQ LPSRUWDQW UROH LQ
GHYHORSPHQW RI IXOPLQDQW KHSDWLWLV 7KHUHIRUH ZH VWXGLHG WKH





/0+9 KHSDWLWLV FRPSDUHG WR FRQWURO PLFH )LJXUH $ $
VLJQLILFDQWFRUUHODWLRQEHWZHHQP51$H[SUHVVLRQRI ,/DQG
71)Į&;&/DQG,/ZDVHYLGHQWEXWQRWZLWK,/ȕRU,)1Ȗ
)LJXUH % +HQFH WKH HOHYDWHG SURLQIODPPDWRU\ F\WRNLQH
PLFURHQYLURQPHQW LV LPSRUWDQW IRU GHYHORSPHQW RI /0+9
LQGXFHGDFXWHKHSDWLWLVLQPLFH
'LVFXVVLRQ
7KH RYHUH[SUHVVLRQ RI ,/ DQG 67 LV DVVRFLDWHG ZLWK
DFXWHDQGFKURQLFOLYHUGLVHDVHVLQPLFHDQGKXPDQ,/DQG
V67KDYHVKRZQ WREHXSUHJXODWHG LQDFXWHRQFKURQLFDQG
FKURQLF KHSDWLF IDLOXUH >@ DQG LQ FKURQLF +%9 DQG +&9
LQIHFWLRQVLQKXPDQ>@7KHFHOOXODUVRXUFHVRI,/LQ
YLUDO IXOPLQDQW KHSDWLWLV DUH QRW ZHOO NQRZQ $FFRUGLQJO\ WKH
PXULQH IXOPLQDQW KHSDWLF PRGHOV RI 7/5 DJRQLVW 3RO\,&
DQGSDWKRJHQLFPRXVHKHSDWLWLVYLUXV /0+9DUH UHOHYDQW
DFXWHYLUDOKHSDWLFPRGHOVLQKXPDQ7KXVZHDLPHGWRNQRZ
WKH H[SUHVVLRQ DQG UHJXODWLRQ RI ,/ LQ 3RO\,& DQG /
0+9LQGXFHGKHSDWLWLVLQPLFH7KH3RO\,&DGPLQLVWUDWLRQLQ
PLFH LQGXFHG PRGHUDWH KHSDWLF LQMXU\ ZKLOH FRDGPLQLVWUDWLRQ
RI'*DO1DQG3RO\,& OHG WRYHU\VHYHUH IXOPLQDQWKHSDWLWLV
LQPLFH7KHOLYHULQMXU\LQGXFHGE\'*DO13RO\,&WUHDWPHQW
ZDVDVVRFLDWHGZLWKKHPRUUKDJLF OHVLRQV LQ OLYHUDQGHOHYDWHG
SURLQIODPPDWRU\F\WRNLQHVDV UHSRUWHGHDUOLHU >@7KH
XQGHUO\LQJ PHFKDQLVP RI 3RO\,&LQGXFHG OLYHU LQMXU\ LV
PHGLDWHGE\DFWLYDWLRQRI.XSSIHUFHOOVDQG1.FHOOVLQD7/5
GHSHQGHQW SDWKZD\ >@ LQ DVVRFLDWLRQ ZLWK LQFUHDVHG
LQIODPPDWRU\ F\WRNLQHV ,QGXFLEOH H[SUHVVLRQ RI ,/ ZDV
IRXQG LQ OLYHU VLQXVRLGDO HQGRWKHOLDO FHOOV DQG YDVFXODU




EH SODXVLEOH WKDW KHSDWRF\WH VSHFLILF LQKLELWLRQ RI WUDQVFULSWLRQ
E\ '*DO1 SUHYHQWHG KHSDWRF\WHVSHFLILF ,/ H[SUHVVLRQ DW
WUDQVFULSW DQG SURWHLQ OHYHO IROORZLQJ '*DO1 3RO\,&
WUHDWPHQW +RZHYHU LQQDWH LPPXQH VWLPXODWLRQ E\ WKH 7/5
DJRQLVWDORQHFDQLQGXFH,/H[SUHVVLRQLQOLYHUHVSHFLDOO\LQ
KHSDWRF\WHV7KHUHJXODWLRQRI,/E\7/5YLUDODQGEDFWHULDO




>@ 7KH ,/ ZDV XSUHJXODWHG E\ 3RO\,& VWLPXODWLRQ LQ
PXULQH PDFURSKDJHV DQG LWV WUDQVFULSWLRQDO UHJXODWLRQ ZDV
GHSHQGHQWRI WZR WUDQVFULSWLRQ IDFWRUV ,)1 UHJXODWRU\ IDFWRU
,5) DQG &5(% >@ +HUH ZH DGG 7/5 PHGLDWHG
H[SUHVVLRQRI,/LQOLYHUVLQXVRLGDOHQGRWKHOLDOFHOOVYDVFXODU
HQGRWKHOLDOFHOOVDQGKHSDWRF\WHVLQDFXWHKHSDWLWLVLQPLFHLQD
SDWKRSK\VLRORJLFDO FRQWH[W ,Q DGGLWLRQ 7/5 H[SUHVVLRQ LV
DOVR UDSLGO\ LQFUHDVHG LQ OLYHU IURP /0+9 LQIHFWHG PLFH
UHVXOWVQRWVKRZQ
:KLOH LQDYLUDOPXULQHPRGHO ,/KDVEHHQVKRZQ WREH
H[SUHVVHGE\UDGLRUHVLVWDQWFHOOVRIWKHVSOHHQLF7FHOO]RQHLQ
O\PSKRF\WLF FKRULRPHQLQJLWLV YLUXV /&09 LQIHFWLRQ >@ WKH
DERYHGDWDSURPSWHGXVWRFRPSDUHWKH,/H[SUHVVLRQLQD
QDWXUDOYLUDO LQIHFWLRQ LQ OLYHU LQXVLQJWKHVHURW\SHRIPRXVH
KHSDWLWLV YLUDO LQIHFWLRQ 0+9 PRGHO >@ :H GHPRQVWUDWHG
WKH FHOOXODU H[SUHVVLRQ RI ,/ LQ VLQXVRLGDO DQG YDVFXODU
HQGRWKHOLDO FHOOV DQG KHSDWRF\WHV DW YDULRXV WLPHV RI WKH
IXOPLQDQW YLUDO KHSDWLWLV LQGXFHG E\ /0+9 7KH /0+9
LQGXFHGOLYHULQMXU\ZDVDVVRFLDWHGZLWKVLJQLILFDQWLQFUHDVHVLQ
VHUXP WUDQVDPLQDVHV $/$7$6$7 YLUDO QXFOHRFDSVLG ,)1ȕ
DQGSURLQIODPPDWRU\F\WRNLQHDQGFKLPLRNLQHH[SUHVVLRQ7KH
LQFUHDVHG &;&/ GXULQJ 0+9 LQGXFHG DFXWH KHSDWLWLV PD\
OHDG WR FKHPRWD[LVLQILOWUDWLRQ RI QHXWURSKLOV DV DQ HDUO\
UHVSRQVH WR OLYHU LQIHFWLRQ DQG GHYHORSPHQW RI LQIODPPDWRU\
PLFURHQYLURQPHQW 7KH PHFKDQLVP RI 0+9LQGXFHG OLYHU
LQMXU\KDYHVKRZQWREHGHSHQGHQWRQDFWLYDWLRQRIWDUJHWFHOOV
RI YLUXV OLNH .XSIIHU FHOOV 1. FHOOV KHSDWRF\WHV VLQXVRLGDO
HQGRWKHOLDO DQG YDVFXODU HQGRWKHOLDO FHOOV >@ +HUH ZH
KDYH VKRZQ WKDW P51$ H[SUHVVLRQ RI ,/ ZDV RYHU
H[SUHVVHG DIWHU /0+9LQGXFHG KHSDWLWLV LQ PLFH 7KH
WUDQVFULSW OHYHO RI ,/ ZDV KLJKO\ LQFUHDVHG LQ /0+9
)LJXUH/LYHULQMXU\DQGF\WRNLQHH[SUHVVLRQRI71)Į,/ȕ,/75$,/&;&/,)1ȖDQG,/LQQRQ1.GHSOHWHGDQG






3RO\,&WUHDWHG DQG 1.GHSOHWHG 3RO\,&WUHDWHG PLFH ( 5HODWLYH IROG FKDQJH LQ P51$ H[SUHVVLRQ RI 71)Į ,/ȕ ,/





LQGXFHG KHSDWLWLV WKDQ 3RO\,& WUHDWHG PLFH GHPRQVWUDWLQJ D
GLIIHUHQFHEHWZHHQ7/5DJRQLVWDQGQDWXUDOYLUXVLQIHFWLRQLQ
OLYHU7/5H[SUHVVLRQLVDOVRUDSLGO\LQFUHDVHGLQOLYHUIURP/
0+9 LQIHFWHG PLFH UHVXOWV QRW VKRZQ VXJJHVWLQJ WKDW
DQRWKHU IDFWRU PD\ EH DOVR LQYROYHG LQ WKH LQFUHDVH RI ,/





:H QH[W VWXGLHG WKH UROH RI 1. DQG 1.7 FHOOV LQ 3RO\,&
LQGXFHG,/H[SUHVVLRQLQOLYHU7KHGHSOHWLRQRI1.FHOOVE\
DQWL$*60 DQWLERG\ LQ PLFH GLG QRW LQKLELW LQFUHDVHG OLYHU
LQMXU\LQ'*DO1VHQVLWL]HG3RO\,&WUHDWHGPLFHDQGKDGDQ\
HIIHFW LQ 3RO\,& DORQH DGPLQLVWUDWLRQ 7KHVH UHVXOWV DUH
)LJXUH/LYHULQMXU\DQG,/H[SUHVVLRQLQ:7DQG1.7
&'G .2 PLFH IROORZLQJ 3RO\,& DQG '*DO1 3RO\,&
WUHDWPHQW  $ /HYHOV RI VHUXP $67$/7 ,8/ LQ :7 DQG
&'G .2 PLFH IROORZLQJ 3%6 3RO\,&  JPRXVH LY
DQGRU '*DO1 3RO\,& WUHDWPHQW DW K RI SRVW LQMHFWLRQ %
/LYHUKLVWRORJ\+DQG(DQGLPPXQRVWDLQLQJRI,/LQOLYHUV
RI &'G .2 PLFH WUHDWHG ZLWK 3%6 3RO\,& DQGRU '*DO1




FRQWUDU\ WRHDUOLHU ILQGLQJVZKLFKVKRZHG WKDWSUHGHSOHWLRQRI
1.FHOOVSURWHFWHGPLFHDJDLQVW'*DO13RO\,&LQGXFHGOLYHU
LQMXU\ >@ 7KH GLIIHUHQFH VHHPHG WR EH UHODWHG ZLWK NLQHWLFV





)LJXUH   /LYHU LQMXU\ DQG ,/ H[SUHVVLRQ LQ /0+9
LQGXFHG IXOPLQDQW KHSDWLWLV LQ PLFH  $ /HYHOV RI VHUXP
$67$/7,8/ LQPLFHLQIHFWHGZLWK/0+97&,'
RU YHKLFOH DW     DQG K RI SRVW LQIHFWLRQ %
5HODWLYHIROGFKDQJHLQNLQHWLFVRIP51$H[SUHVVLRQRI,)1ȕ
QXFOHRFDSVLGRI0+9DQG,/LQOLYHUVRI/0+9LQGXFHG
KHSDWLWLV & 6HFWLRQV RI PLFH OLYHU IROORZLQJ YHKLFOH RU /
0+9LQIHFWLRQDQGKZHUHVWDLQHGZLWK+	(IRU
KLVWRSDWKRORJ\ DUURZV LQGLFDWLQJ ]RQH RI OLYHU LQMXU\ '




LQGLFDWLQJ ,/ SRVLWLYH KHSDWRF\WHV DQG YDVFXODUVLQXVRLGDO
HQGRWKHOLDO FHOOV UHVSHFWLYHO\ 6FDOH EDU ZDV  P (
&RPSDULVRQ RI QXPEHU RI ,/ H[SUHVVLQJ KHSDWRF\WHV LQ






KHSDWRF\WHV DQG QHXWURSKLOV DQG &;&/ LQ DVVRFLDWLRQ ZLWK
QHXWURSKLOV LV LPSRUWDQW IRUGHYHORSPHQWRI OLYHU LQMXU\ >@
7KH ,/ H[SUHVVLRQ ZDV LQGXFHG LQ OLYHU VLQXVRLGDO
HQGRWKHOLDO FHOOV DQG YDVFXODU HQGRWKHOLDO FHOOV 7KH GRZQ
UHJXODWLRQ RI KHSDWRF\WHVSHFLILF ,/ H[SUHVVLRQ LQ 1.
GHSOHWHG PLFH LQ 3RO\,& WUHDWHG PLFH VXJJHVWV D SDUWLDO
UHJXODWLRQRI ,/E\1.FHOOV ,QWHUHVWLQJO\ ,/H[SUHVVLQJ
KHSDWRF\WHV GHFUHDVHG DW WKH VDPH WLPH WKDQ 1. FHOOV
GHFUHDVHGLQOLYHUIROORZLQJ/0+9LQIHFWLRQ>@VXSSRUWLQJ
WKH K\SRWKHVLV RI D UHJXODWRU\ UROH RI 1. FHOOV LQ ,/
H[SUHVVLRQLQKHSDWRF\WHV
,Q D RWKHU UHOHYDQW PXULQH &RQ$LQGXFHG IXOPLQDQW KHSDWLF
PRGHO ZH KDYH GHPRQVWUDWHG WKDW ,/ LV KLJKO\ LQGXFHG LQ
OLYHU HVSHFLDOO\ LQ KHSDWRF\WHV DQG WKH UHJXODWLRQ RI
KHSDWRF\WHVSHFLILF,/LVGHSHQGHQWRI1.7FHOOVDQG75$,/
>@ ,Q WKH 7/5 DJRQLVW PRGHO XVHG LQ WKLV VWXG\ 1.7
FHOOVGLGQRWFRQWURO,/H[SUHVVLRQLQ3RO\,&LQGXFHGOLYHU
LQMXU\ EHFDXVH 1.7 &'G .2 PLFH H[KLELWHG LQFUHDVHG
QXPEHU RI ,/ H[SUHVVLQJ KHSDWRF\WHV WKDQ :7 FRQWUROV
7KHVH UHVXOWV PD\ VXJJHVW D SURWHFWLYH UROH RI 1.7 FHOOV LQ
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